Literature research, case study and Delphi Technique were used to identify the risk of full-life cycle of urban underground pipe gallery PPP project. Based on the identified risk of urban underground pipe gallery PPP project, the risk type was divided from the risk source. And the subject of risk of urban underground pipe gallery PPP project was analyzed; the main risks of the urban underground pipe gallery PPP project were discussed. Compared with other public infrastructure PPP project, the characteristic risks of urban underground pipe gallery PPP project were analyzed. The identification risk can be used as a reference for the urban underground pipe gallery PPP project. The results can provide the basis for the risk identify and manage of the urban underground pipe gallery PPP project.
Introduction
With the development of urbanization in China, the defects of the municipal pipelines laid out with traditional straight-line method are constantly highlighted. In addition to traffic congestion, urban pollution, waste of social resources and underground space resources resulted from repeated excavation of urban roads for the maintenance, renewal, and capacity expansion works etc. of the pipelines, secondary disasters caused by pipeline leakage and rupture, etc. also take place in many cities. The practice of developed countries and the study of urban underground space show that [1] construction of urban underground utility tunnel (hereinafter referred to as "utility tunnel") can effectively solve the above problems, ensure the safety of urban "lifeline", improve the comprehensive carrying capacity of cities, save social resources and ensure intensive use of underground space.
In recent years, the Chinese government has vigorously promoted the construction of utility tunnels, introduced a series of policies to encourage social capital to participate in the construction and operation of utility tunnels, and promoted the adoption of the PPP mode[], such as the "Notice on the Pilot Work of Underground Utility Tunnel Supported by the State Revenue" (CJ [2014] No. 839) and "Guidelines on Promoting the Construction of Urban Underground Utility Tunnel" (GBF [2015] No. 61) etc. PPP mode of public infrastructure construction can alleviate the financial burden on the government, improve project construction efficiency and operational management level. However, the PPP mode has the characteristics of complex contract structure and high uncertainty and the risks of PPP projects are more complicated than other types of engineering projects [2] . PPP utility tunnel construction projects in China are implemented and pushed too fast while there are lacks of experience in utility tunnel construction and management; the projects are faced with many risks, affecting and even hindering the construction and operation of utility tunnels in China. However, the current study on the risk management of the PPP projects of the utility tunnels is less and cannot provide theoretical basis and guidance for the risk management.
Risk identification is the premise and guarantee of risk management. This article identifies the risk factors for the whole life cycle of PPP projects of utility tunnels through literature study and case study etc.; discusses the sources of the risks, the risk subject and the main risks at each stage for the purpose to provide reference for the risk management study and practice of PPP projects of utility tunnels.
Overview of the Study

Study on Risk Identification of PPP Projects
Risk identification approaches can be classified into four categories [2] : qualitative analysis, case analysis, statistical analysis, and mathematical models. General approaches for project risk identification include brainstorming, Delphi, interviews, and list methods. Scholars at home and abroad adopt different approaches to identify the risks of financing, investment, finance, contract, law, construction and operation of specific PPP projects [4] ~ [7] . They also discuss on the regular risks, key risks and the main risks leading to project failure on the basis of typical PPP project cases [8] ~ [12] at home and abroad. For example, Chan [9] has comprehensively sorted out the risks of PPP projects in China based on literature study. Qi Xia [11] analyzes and summarizes the main risks leading to the failure of PPP projects based on PPP failure projects in 16 different fields in China. The result of case studies of PPP projects in different fields at home and abroad have shown [13] ~ [15] that the risks of PPP projects are closely related to national conditions, capital forms, project types and project mode. Therefore, scholars have summarized the risks of different types of PPP projects, such that Wang Xiaoshu and Fan Jiaying [8] discuss the key risks of PPP projects of transportation infrastructures. Through risk analysis of the life cycle of PPP projects [5] [17] , PPP project risks are characterized by stage, diversity, uncertainty and dynamics. Risk factors have mutual influence and correlation; clarifying the relationship between risk factors and identifying of key risks at each stage of the project contribute to the risk management of the project.
Study on PPP Projects of Urban Underground Utility Tunnels
The current research on utility tunnels focuses on the necessity of utility tunnel construction and its planning, design and the relevant engineering technology research. Research of the PPP project focuses on the necessity of applying the PPP mode in utility tunnel project and its operation management. Scholars unanimously agree that, with the PPP mode, social capitals of capital, technology and operational management strength can be introduced to effectively solve the problems of high cost, technical difficulties and management disorder of the utility tunnel. The also propose the operational structure and operation mechanism of PPP mode of utility tunnel projects [18] . Since the study of risk management of PPP projects of utility tunnels has just begun, there are few related studies and no system has been formed. The study mainly explores the risk categories faced by PPP projects of utility tunnels and the corresponding counter strategies, summarizes the problems faced by the total PPP projects of utility tunnels [18] , and establishes risk evaluation model for the PPP projects of utility tunnels based on actual cases [17] . However, the current studies on the risks of PPP projects of utility tunnels only focus on the identification and assessment of financing risks; there are lacks of risk identification and analysis at the overall level of the project, and there is no complete risk list established yet.
Identification of Risks for PPP Projects of Urban Underground Utility Tunnels
In order to fully identify the risks of PPP projects of utility tunnels throughout the life cycle, we first adopt literature study methods to sort out the general risks of PPP projects of public infrastructures and select representative PPP projects of utility tunnels to investigate and study the risks in the implementation process. Then create a Delphi questionnaire and hire experts to identify the risks of PPP projects of utility tunnels.
Literature Study
Collect literature on risk studies on PPP projects of public infrastructures and refine the regular risk factors faced by PPP projects of public infrastructures in China. Different representations of the same risk in the literature are combined. A total of 55 regular risks of PPP projects of public infrastructures are sorted out (Table 1 ). In combination with the national conditions, construction regulations, PPP project practice and utility tunnel construction practices, the factors in Table 1 including "macroeconomic environment", "political instability", "regional political instability", "government opposition" and "foreign exchange fluctuation", "currency not convertible or transferable", "customs import and export restrictions", "public objection" and "PPP experience" are excluded. 
Case Study
Three PPP projects of utility tunnels are selected for study, of which 2 projects are in the construction phase and 1 is in the operational phase. The risks faced in the implementation of the case projects are studied through a consultation meeting with representatives of the project participants. The survey found that PPP projects of utility tunnels may face "non-recognition or default due to change of leadership or change of leadership willingness" and "financial problems caused by changes in special fund subsidies given by the government" during the implementation process. In the course of operation, PPP projects of utility tunnels may also face the problem that the utility companies are unwilling to install their facilities in the tunnel or the problem of no criteria for charge for using the tunnel due to the lack of applicable laws and regulations. Therefore, the three risks of "change of leadership /leadership willingness", "special fund changes" and "utility unit willingness" are added. In addition, according to the recommendations of the representatives of the project participants, the "price changes" are broken down into three items including "material price changes", "labor cost changes" and "power cost changes".
Delphi Questionnaire
Based on the results of literature study and case studies, the Delphi questionnaire is designed and produced, and 7 relevant experts are hired to identify risk factors. Among them are 2 scientific research personnel from universities, 2 government representatives, and 3 managerial personnel from enterprises of PPP projects of utility tunnels. In the first round of survey, experts are asked to identify and supplement risks. 42 life-cycle risk factors of PPP projects of utility tunnels are identified ( Table 2 ) after 4 rounds of survey. 
Analysis of Risks for PPP Projects of Urban Underground Utility Tunnels
For more efficient and targeted implementation of risk management, analysis is carried out from the following three aspects: risk type division and risk subject, main risks of each stage of the project, and characteristic risk analysis of PPP projects of utility tunnels.
Risk Type and Risk Subject
In order to enable the project subjects to quickly distinguish risks, the risks in Table 2 are divided into fifteen categories from the direct source of risks (Table 3) . Events or circumstances that cannot be reasonably prevented before the contract is signed or cannot be avoided or overcome after the occurrence, such as natural disasters or accidents etc.
According to the contents of the risks, determination of risk subjects from direct source of risk factors is as shown in Table 4 . It can be seen that the risk subject involves entities such as banks, financial institutions, social capital parties, governments, and construction enterprises, as well as non-physical environments such as market, legal environment, institutional environment and natural environment. It should be noted that: (1) there is a strong correlation and mutual influence between risk factors. For example, poor geological conditions are natural environmental factors, which may lead to construction risks such as environmental risks, current construction condition problems, uncontrollable construction period as well as cost risks such as increased construction costs etc. (2) Generation of risks is the result of the combined effects of the external environment. If the direct subject of the operating income is the operator of the business, it is found in the case study that lack of regulations for using the tunnel and laws for charging the utility companies using the tunnel, lack of operation and management experience and management system confusion for underground utility tunnels will all cause low operating income. Therefore, risk management needs to be carried out based on the overall level of the project within the framework of the external environment such as economy, law and system etc.
Project Stage Risks
According to the practical operation flow of PPP projects of utility tunnels, the project is divided into 6 phases: feasibility phase, tender phase, financing phase, construction phase, operation phase and handover phase (Figure 1 ). For the different public-private partnership mode adopted, the project stage of a PPP project will be different. The division here takes into account the full cycle of the engineering construction project of PPP mode and can be used as reference for projects of different mode. With focus group meeting method, 5 experts are invited to judge the risk factors faced in each stage of the PPP projects of utility tunnels. The main risk factors for forming the various stages of the project are shown in Table 5 . At the same time, experts are invited to assess the importance of the risks at project stage. In order to make the assessment results objective, the results of the expert assessment are applied with weighted average treatment. First, the Saaty scale method [20] is adopted for pair comparison of the importance of the risks in different stages, so as to form a judgment matrix A of the assessment indicators. Then, the consistency satisfaction CR of the judgment matrix is calculated according to formula (1) , and the results are shown in Table 6 . In the table, the CR values are all less than 0.1, indicating that the consistency satisfaction meets the requirements.
Where λmax is the eigenvector corresponding to the maximum eigenvalue of the judgment matrix A; RI is the standard value of the average random consistency indicator, and n is the dimension n=6 of the judgment matrix A. Thirdly, the weight of the expert is calculated according to the CR value with weighted geometric averaging method. After weighting the judgment matrix of the 5 experts, the comprehensive judgment matrix and the weight of the risks of each stage are obtained ( Table 7 ). In the table, the matrix element of row i column j represents a weighted average of the importance of item j risk relative to item i risk, and the W value represents the relative weight of the risks of each stage. It can be seen that the financing stage (D3) has a maximum weight of 0.378; the handover stage (D6) and the tender stage (D2) have the minimum weights of 0.053 and 0.072, respectively. According to the comprehensive judgment of the experts, the risks in the financing stage should be focused on; while those in the feasibility, operation, and construction stages are second; and those in the tender and handover stages are of the lowest level. 
Characteristic Risk Analysis
Analyze the characteristic risks faced by PPP projects of utility tunnels with comparative study methods to compare with other PPP projects of public infrastructures such as subways and expressways. Based on the various stages of the project, the regular risks [10] [12] of PPP projects of public infrastructures are compared with the aforementioned risks of PPP projects of utility tunnels. With the study, it is found that the characteristic risks of PPP projects of utility tunnels are mainly at the operational stage (Table 8 ). Utility tunnel benefits the public; while the direct source of revenue in the operational phase is the utility company, which is a big difference from other public infrastructure projects as well as the root cause of its characteristic risks. The direct cause of the characteristic risks in the operation stage is the imperfect laws and regulations of the utility tunnel, especially regulations on the charges etc. for using the utility tunnel. This is basically consistent with the situation reflected in the case study. Therefore, establishment of a complete system for the utility tunnel is the ultimate solution. 
NO. Risk factors Risk content
R31
Law incompleteness Lack of clear legal requirements for pipeline installation in the utility tunnel and charge for using the tunnel R34
Incomplete regulatory system
Lack of a supervision system for utility company and utility tunnel operation and management R36 Low operation efficiency Low operation efficiency resulted from less pipelines installed in the utility tunnel and unreasonable charging mechanism, etc.
R37
Operation income Utility companies reluctant to use the tunnel due to imperfect laws; income problems caused by poor management and low fees R39 Utility company willingness Utility companies are reluctant to use the utility tunnel due to issues such as fees etc.
Conclusions
(1) With Delphi questionnaire survey method and under the condition of no specific mode, 42 life-cycle risk factors of PPP projects of utility tunnels are identified, which can be used for risks identification reference of PPP projects of utility tunnels.
(2) Through the analysis of risk types and the risk subjects, it can be seen that project risks are acted jointly by the social and economic environment, national policies, legal environment and industry environment, for which risk prevention measures need to be formulated from the overall level of the project.
(3) The main types of risks and their contents in each stage of PPP projects of utility tunnels are identified. The study indicates that risks in the financing stage should be focused on; while those in feasibility, operation, and the construction stages are second, and those in tender and handover stages are at the lowest level.
(4) Compared with other PPP projects of public infrastructures, the PPP projects of utility tunnels face more risks; establishment of a complete system for utility tunnels can effectively avoid or reduce risks in operation stage.
